Abstract. B7-H1, a recently described B7 family member, has been reported to negatively regulate T-cell function in most cancer cells. in this study, we sought to investigate B7-H1 expression in four uveal melanoma (uM) cells (ocM1, SP6.5, OM431 and VUP) to determine the functional significance of B7-H1 expression in T-cell immune response. Using flow cytometry (FcM), we demonstrated that SP6.5 cells had high B7-H1 protein expression, while the other three uM cell lines had none. However, all four uM cell lines expressed B7-H1 mRNA, as confirmed by reverse transcription-polymerase chain reaction. in co-culture experiments using B7-H1-expressing uM cells with T-cells, FcM to determine cd69 expression in T-cells revealed that SP6.5 cell-related B7-H1 inhibited T-cell activation. This effect was eliminated by B7-H1-targeted rna interference. an annexin V/Pi double staining assay further showed that B7-H1 expressed by SP6.5 cells did not increase the apoptosis of T-cells, though it was found in a variety of other solid tumors. in conclusion, all the uM cell lines constitutively expressed B7-H1 mrna, while B7-H1 protein was expressed at different levels. uM-related B7-H1 expression negatively regulated T-cell immune response through the inhibition of T-cell activation, and not through the promotion of T-cell apoptosis. This provides new insight into anti-tumor immunity against B7-H1-expressing uM cells.
Introduction
uveal melanoma (uM) is the most common primary intraocular tumor in adults (1) , and has a strong propensity to spread to the liver (2) . it has been shown that hepatic micrometastases of uM occur a few years before the diagnosis of the primary intraocular malignancy (3, 4) . irrespective of the success of treatment of the primary tumor, uM therapy remains problematic due to the high rate of metastatic dissemination. in cases of metastatic disease, patient prognosis is poor; the disease is usually fatal within 1 year.
B7-H1 is a recently described B7 family member that has a profound effect on the regulation of T-cell response. B7-H1 mrna is broadly distributed in normal tissues and organs (5) (6) (7) (8) , while the protein expression of B7-H1 is found in macrophage-like cells. However, B7-H1 protein is aberrantly expressed by tumor cell lines and tumor tissues, including lung, ovarian and breast carcinomas (9, 10) . The role of B7-H1 in the regulation of T-cell response in inflammation and autoimmunity appears to be complex and remains under debate. However, accumulating evidence indicates that the interaction of B7-H1 with programmed death-1 (Pd-1) may induce a negative regulatory signal on tumor immunity by inhibiting T-cell activation or/and inducing T-cell apoptosis (11) . More recently, it was reported that B7-H1 expressed by several uM cell lines regulated T-cell function by suppressing interleukin-2 production (12) .
in this study, we examined four uM cell lines and found that all four expressed B7-H1 mrna, while only one expressed B7-H1 protein. co-culture experiments demonstrated that the high B7-H1 expression in SP6.5 cells reduced T-cell activation, while uM-related B7-H1 expression had no effect on T-cell apoptosis. Thus, this study provides further insight into the functional significance of B7-H1 in T-cell immune response in uM cells.
Materials and methods
Cell culture. The human uM cell lines ocM1, SP6.5, oM431 and VuP were kind gifts of John F. Marshall (Tumor Biology laboratory, cancer research uK clinical center, John Vane Science centre, london, uK). it has been established that uMs are composed of spindle and epithelioid cells, and are histopathologically classified as either spindle-cell or mixed-cell type tumors. all the uM cells used in this study were derived from primary tumors. among them, the ocM1, oM431 and VuP cell lines were predominantly composed of Plasmid construction. The sirna sequence and sirna expression vector pSilencer4.1-cMV were purchased from ambion inc. (austin, TX, uSa). The sense strand sequences were: B7-H1, 5'-uaugacaauugaaugcaaa-TT; and control, 5'-gauagcaaugacgaaugcg-TT, which is a scrambled sequence without significant homology to sequences in the human and mouse genomes. Sirna expressing plasmid p4.1cMV/B7-H1 sirna targeting human B7-H1 and control plasmid p4.1cMV/conT sirna were constructed according to the manufacturer's instructions. Briefly, the cDNA oligonucleotides of B7-H1 sirna and control sirna were synthesized by integrated dna Technologies (coralville, ia, USA). Both pairs of oligonucleotides were annealed at 90˚C for 3 min, cooled to 37˚C, and then incubated for 1 h. The annealed dsdna oligonucleotides were ligated between the BamHi and Hindiii sites on the pSilencer4.1-cMV vector.
The inserted sequences were verified by DNA sequencing.
Transfection. SP6.5 cells in the exponential phase of growth were plated in 24-well plates at 5x10 4 cells/well, grown for 24 h, and then transfected with B7-H1 sirna expression plasmid and control plasmid using lipofectamine 2000™ (invitrogen) according to the manufacturer's instructions. Forty-eight hours after transient transfection, the transfected cells were re-plated with gradient dilution in media containing 600 µg/ml neomycin g418 (invitrogen). Subsequently, the cells were cultured for 2 weeks, with the selective media replaced when indicated. Individual clones were identified and then enriched under neomycin selection pressure (400 µg/ml) for further experiments.
Real-time RT-PCR. one step SYBr real-time Pcr of B7-H1 mrna was performed according to the manufacturer's instructions (Takara, Tokyo, Japan). Briefly, 2 µg of RNA per sample was reverse transcribed into cdna using random primers. The reverse transcription reaction consisted of 42˚C for 15 min and 95˚C for 2 min. Specific PCR primers for B7-H1 were: forward, 5'-agaacTaccTcTggcacaT-'3; reverse, 5'-aTccaTcaTTcTcccTTT-'3. gaPdH primers were: forward, 5'-aacggaTTTggTcgTaTTg-'3; reverse, 5'-ggaagaTggTgaTgggaTT-'3. The Pcr reaction consisted of 30 min at 50˚C for cDNA synthesis, followed by amplification for 45 cycles at 95˚C for 15 sec, 55˚C for 30 sec and 72˚C for 30 sec. Reactions were performed and data analyzed using the lightcycler ® system (roche diagnostics inc., Switzerland). results were analyzed by comparing 2
-∆∆Ct values of B7-H1 mrna in p4.1cMV/B7-H1 sirnatransfected cells and control.
Purified lymphocyte populations and co-culture. Peripheral blood mononuclear cells (PBMcs) were isolated from the peripheral blood of normal healthy volunteers by Ficoll density gradient centrifugation. T-cells (cd4 + and cd8 + ) were purified using microbeads (Miltenyi Biotec, Bergisch Gladbach, germany) according to the provider's instructions. co-culture experiments were carried out as follows: in brief, purified T-cells were collected by centrifugation and resuspended at a concentration of 2x10 6 cells/ml in complete dMeM with the addition of 5 mg/ml super-antigen Staphylococcus enterotoxin B (SeB) to stimulate T-cell activation, then added to 100-mm dishes containing uM cells at a 2:1 tumor/T-cell ratio. Following a 48-h incubation period, the non-adherent T-cells were removed from the uM cell monolayer and assessed for the expression of T-cell activation marker cd69 by flow cytometry (FCM).
Flow cytometry. Phycoerythrin (Pe)-labeled monoclonal antibodies (mabs) of B7-H1 and T-cell activation marker cd69 were purchased from Bd Bioscience (San Jose, ca, uSa). To assess B7-H1 and cd69 expression, FcM was performed using standard methods. Briefly, the cells were centrifuged, washed, resuspended in phosphate buffered saline (PBS) and stained at 4˚C for 30 min with PE-labeled anti-B7-H1 mAb or Pe-labeled anti-cd69 mab. Then, the cells were washed again and analyzed using a FACSCalibur flow cytometer with cellquest software (both Beckton dickinson). The data are presented as the percentage of surface molecule-expressed cells. in each case, appropriately labeled isotype control antibody was used.
Annexin V/PI staining. after a 24-h co-culture, T-cells were collected for annexin V/Pi staining according to the procedures described by Bd Bioscience. in brief, T-cells were washed twice with cold PBS and then resuspended in 1X binding buffer at a concentration of 1x10 6 cells/ml. Subsequently, 100 µl of the solution was transferred into a 5-ml culture tube, and 5 µl annexin V and 2 µl Pi was added. The cells were gently mixed then incubated for 15 min at room tempearture in the dark. Finally, 400 µl of 1X binding buffer was added to each tube, followed within 30 min by FcM analysis.
Results

B7-H1 expression in UM cell lines.
The exact nature of uM B7-H1 expression is unclear. Thus, four uM cell lines (ocM1, VUP, SP6.5 and OM431) were first tested for B7-H1 expression at both the mrna and protein levels. as determined by FcM, all of the uM cell lines constitutively expressed moderate to high levels of B7-H1 mrna (Fig. 1a) , while constitutive B7-H1 molecule expression was only observed in the SP6.5 uM cell line (Fig. 1B) . This suggests that uM B7-H1 expression is controlled by posttranscriptional mechanisms.
Inhibition of B7-H1 expression by plasmid-based RNAi.
To determine the blocking effect of vector-based rnai on B7-H1 expression, B7-H1 sirna-expressing plasmid p4.1cMV/B7-H1 sirna and control plasmid p4.1cMV/ conT sirna, which encodes a scrambled sequence without significant homology to sequences in the human and mouse genomes, were constructed and stably transfected into B7-H1-expressing SP6.5 cells. compared to p4.1cMV/ B7-H1 sirna-transfected cells (set as 100%), B7-H1 mrna levels were 714.33% in p4.1cMV/conT sirna-transfected cells and 588.29% in untransfected cells. representative results of three independent FcM experiments performed to detect B7-H1 protein expression are shown in Fig. 2a . The results show a significant reduction in B7-H1 protein levels in transfectants (8.44±3.56%) compared to the controls (63.37±14.22% and 64.20±8.59%) (Fig. 2B) , suggesting that vector-based rnai, rather than anti-B7-H1 mab, may be reliably used to block B7-H1.
Inhibition of T-cell activation by B7-H1.
To investigate the effect of endogenous B7-H1 expression on uM cells, co-culture experiments were performed using SeB-stimulated T-cells and SP6.5 cells transfected with p4.1 cMV/B7-H1 sirna. The level of activated T-cells was determined by FcM for cd69. representative results of three experiments are shown in Fig. 3A . T-cell activation was found to be significantly increased in p4.1cMV/B7-H1 sirna-transfected SP6.5 cells compared to the controls (Fig. 3B) , indicating that B7-H1 may be an inhibitor of T-cell activation in B7-H1-expressing uM.
No induction of T-cell apoptosis by B7-H1
. it has been reported that B7-H1 may exert an anti-tumor effect through the induction of T-cell apoptosis. We therefore sought to determine whether uM-related B7-H1 promotes T-cell apoptosis. representative results of annexin V/Pi staining performed three times are shown in Fig. 4A . Notably, no significant increase in T-cell apoptosis was found after co-culture of T-cells with B7-H1-expressing SP6.5 cells (Fig. 4B) , suggesting that uM-related B7-H1 does not influence T-cell behavior by inducing apoptosis.
Discussion
B7-H1 has been found to be expressed in a wide range of tumors, including extraocular melanoma (13) . recently, uM B7-H1 was reported to also be expressed in several uM cell (12) . in this study, we found B7-H1 mrna expression in two uM cell lines, ocM1 and oM431, similar to that found previously, and also observed B7-H1 mrna to be constitutively expressed in two additional uM cell lines, SP6.5 and VuP. B7-H1 protein was expressed at high levels in only one of the cell lines, SP6.5. of note, uM-associated B7-H1 was found to lead to the inhibition of T-cell activation, even without iFn-stimulation. Furthermore, it appears that uM-related B7-H1 expression has no functional effect on T-cell apoptosis.
B7-H1 is a type i transmembrane protein with an amino acid identity score of 20% for B7.1 and 15% for B7.2 (14) . B7-H1 interacts with PD-1 and with an as yet unidentified non-Pd-1 receptor located on T-cells (15) . To date, tumorexpressed B7-H1 has nearly always been shown to exert a potent negative regulatory function on T-cell response, which contributes to tumor progression (11, 12, (16) (17) (18) . However, B7-H1 also plays protective roles in pathological conditions, such as inflammation (19) . The mechanisms responsible for the inhibitory effect of B7-H1 on T-cell response are still not fully understood, though two possible mechanisms, inhibition of T-cell activation and promotion of T-cell apoptosis, have been proposed based on independent experimental systems. Glioma-related B7-H1 has been identified as a strong inhibitor of T-cell activation, as reflected by increased cytokine production and increased expression levels of the T-cell activation marker cd69 (10) . another investigation revealed that mouse P815 tumor expression of B7-H1 increases the apoptosis of activated tumor-reactive T-cells and promotes the growth of highly immunogenic B7-H1(+) tumors (9) . although the expression of B7-H1 mrna is common in many cells, B7-H1 protein is usually undetectable, suggesting posttranscriptional suppression (9, 20) . The results of the present study revealed that the levels of B7-H1 protein on the surface of uM cells were not paralleled by B7-H1 mrna levels. using semi-quantitative gel stripe assessment of B7-H1 RT-PCR products, no significant difference was found between B7-H1 mrna levels among the tested uM cells (data not shown). This suggests that tumor-associated B7-H1 expression is also controlled by a posttranscriptional mechanism. However, when and how B7-H1 protein acquires its expression in uM cells remains to be elucidated.
Proinflammatory cytokines such as IFN-γ are potent activators for inducing B7-H1 protein expression in T-, B-, endothelial and epithelial cells (21) . In vitro experiments have indicated that numerous tumor cell lines up-regulate Pd-l1 surface expression upon exposure to iFn-γ (9, 10, 22) , and then negatively regulate T-cell function. in this study, we found that natural B7-H1 surface expression in SP6.5 cells inhibits T-cell activation, even without exposure to iFn-γ. This may partly explain why spindle-like SP6.5 cells are less aggressive than the other three cell lines used. it is worth noting that, in our study, uM-associated B7-H1 did not increase T-cell apoptosis, as determined by FcM using annexin V and Pi double staining. This may be due to the use of a different experimental system and/or the presence of different expression levels of B7-H1 protein.
To the best of our knowledge, all B7-H1-blocking experiments to date have been performed using anti-B7-H1 antibody. However, the lack of cellular cytotoxicity studies remains the major limitation, and must be addressed. Thus, we used plasmid-based rna interference (rnai) to block B7-H1 expression ex vivo. rnai is a conserved biologic response that results in the sequence-specific silencing of target gene expression. over the past 5 years, an intensive research effort has facilitated a rapid change in the understanding of rnai, which has gone from being a relatively obscure biologic phenomenon to a valuable tool used to silence target gene expression and to perform large-scale functional genomic screens (23) . To date, several methods have been developed to mediate rnai; among them, vector-based rnai is preferable for ex vivo research. The major reason for this is that expression vectors allow continuous production of sirnas in cells and, therefore, sustained depletion of the protein encoded by the targeted mrna (24) . once transcribed, a 19-to 21-bp stem-loop structure, termed short-hairpin rna, is processed by dicer into a sirna that directs the down-regulation of target gene expression via elements of the rnai machinery. in our laboratory, plasmid-based rnai down-regulated B7-H1 mrna expression by over 80%, and no obvious side effects were observed. This suggests that plasmid-based rnai may be used as an alternative method to block B7-H1.
in conclusion, this report characterized B7-H1 mrna and protein expression in four uM cell lines, including two previously reported cell lines, SP6.5 and VuP. More importantly, our results identified a negative contribution of UM-related B7-H1 to T-cell activation, even under iFn-γ-free conditions. Additionally, we confirmed that the natural expression of B7-H1 molecules in SP6.5 cells plays no role in T-cell apoptosis. Taken together, this study provides further insight into the functional significance of B7-H1 in UM cells.
